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ABSTRACT
PSR B1259-63 is a gamma-ray binary system hosting a millisecond radio pulsar orbiting
around a O9.5Ve star, LS 2883, with a period of ∼ 3.4 years. The interaction of the pulsar
wind with the LS 2883 outflow leads to unpulsed broad band emission in the radio, X-rays,
GeV and TeV domains. While the radio, X-ray and TeV light curves show rather similar
behaviour, the GeV light curve appears very different with a huge outburst about a month
after a periastron. The energy release during this outburst seems to significantly exceed the
spin down luminosity of the pulsar and the GeV light curve and energy release varies from
one orbit to the next.
In this paper we present for the first time the results of optical observations of the sys-
tem in 2017, and also reanalyze the available X-ray and GeV data. We present a new model
in which the GeV data are explained as a combination of the bremsstrahlung and inverse
Compton emission from the unshocked and weakly shocked electrons of the pulsar wind. The
X-ray and TeV emission is produced by synchrotron and inverse Compton emission of en-
ergetic electrons accelerated on a strong shock arising due to stellar/pulsar winds collision.
The brightness of the GeV flare is explained in our model as a beaming effect of the energy
released in a cone oriented, during the time of flare, in the direction of the observer.
1 INTRODUCTION
Gamma-ray binary systems are composed of a compact object,
either a black hole or a neutron star, orbiting a massive O or B
type star. They are distinguished from X-ray binaries of a similar
nature by non-thermal emission that peaks at energies & 1 MeV
(Dubus et al. 2017). Of all γ-ray binaries the only systems where
the nature of the compact object is known are PSR B1259-63 and
PSR J2032+4127, both of which are millisecond radio pulsars. In
PSR B1259-63 the pulsar has a spin period of 47.76 ms and is or-
biting a O9.5Ve star (LS 2883) with a period of ∼ 1236.7 days in a
highly eccentric orbit (e ∼ 0.87) (Johnston et al. 1992; Negueruela
et al. 2001; Shannon, Johnston & Manchester 2014). Based on the
parallax data in the Gaia DR2 Archive (Gaia Collaboration et al.
2018) the distance to the system is 2.39 ± 0.19 kpc.
The optical spectrum of the companion shows evidence of an
equatorial disc, which is thought to be inclined with respect to the
orbital plane by ∼ 10 − 40◦ (Melatos, Johnston & Melrose 1995),
which causes the pulsar to cross the disc twice during the perias-
tron passage. The interaction of the pulsar wind with the compan-
ion’s outflow leads to the generation of the unpulsed non-thermal
emission in radio, X-ray, GeV and TeV energies. X-ray emission is
observed throughout the orbit but the unpulsed radio, GeV and TeV
radiation occurs only within a few months before and after the peri-
astron (e.g. Johnston et al. 1999; Chernyakova et al. 2015; Johnson
et al. 2018; H. E. S. S. Collaboration et al. 2020).
The unpulsed radio and X-ray emission exhibits a similar two
peak light curve with the peaks occurring during the time when the
pulsar crosses the disc of the companion. Current H.E.S.S. obser-
vations indicate that TeV emission can have a similar behaviour
(H. E. S. S. Collaboration et al. 2020), but more sensitive observa-
tions are needed to confirm this. Hopefully CTA will address this
issue in the very near future (Chernyakova et al. 2019). The GeV
emission, however, shows a very different behaviour and is charac-
terised by a strong flare, which started about ∼ 30 days after the
2010 and 2014 periastron passages (Abdo et al. 2011; Caliandro
et al. 2015) and has no obvious flaring counterparts at other wave-
length.
The only visible effect coinciding in time with a GeV flare is
a rapid decrease of the Hα equivalent width (Chernyakova et al.
2015), usually interpreted as a measure of the companion’s star
disc. The destruction of the disc is also evident in Chandra obser-
vations of the source far away from the periastron (Pavlov, Chang
& Kargaltsev 2011; Pavlov et al. 2015; Pavlov, Hare & Kargalt-
sev 2019). This data demonstrates the presence of X-ray emitting
clumps moving away from the binary with speeds of about 0.1 of
the speed of light. The clumps are being ejected at least once per bi-
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nary period, 3.4 years, presumably around binary periastra and are
probably associated with the destruction of the companion’s disc.
The most recent periastron of PSR B1259-63 (September 22,
2017; tp = MJD 58018.1) presents another opportunity to exam-
ine the nature and mechanics of the GeV flare using the available
broadband observations. The GeV behaviour of PSR B1259-63
turned out to be very different from previous periastra. The flare
only started 40 days after the periastron and reveals variability on
hour timescales (e.g. Johnson et al. 2018; Tam et al. 2018; Chang
et al. 2018).
In this paper we present for the first time the results of the
optical observations of the system in 2017, discuss the available
multiwavelength data (optical, X-ray and GeV) and propose a new
model to explain the origin of the GeV flare and how its observed
luminosity apparently exceeds the spin-down luminosity. In sec-
tion 2 of this paper we describe the details of the data analysis, in
section 3 we present our model, and give our conclusions in sec-
tion 4.
2 DATA ANALYSIS
2.1 Optical observations and analysis
Optical observations during the 2017 periastron passage were lim-
ited because of the position of the source relative to the Sun, and
PSR B1259-63/LS 2883 was only visible for a short period just af-
ter sunset, allowing limited observations before periastron. The sys-
tem was observed with the SAAO 1.9-m telescope between 2017
August 24 and 2017 September 04 (τ ∼ −28 d to τ ∼ −17 d; where
τ is the time from periastron) using the SpUpNIC grating spectro-
graph (Crause et al. 2016).
The spectroscopic observations with SpUpNIC were per-
formed using a 1200 lines mm−1 grating, with a spectral resolution
of ∼ 1 Å, covering a wavelength range of ∼ 6150 − 7150 Å. Each
night, multiple exposures of the target were taken with a typical
exposure time of 60 seconds, while the source was high enough
to be observed. Arc observations of a CuNe arc lamp were taken
before and after every science exposure. Dome flats where taken
each day using the same configuration and a spectroscopic standard
(CD-32 9927) was observed at the beginning of each night. The
data reduction and wavelength calibration was perform following
the standard iraf/noao procedures. Each night’s observations were
combined and normalized.
As previously reported, the spectrum shows a strong Hα emis-
sion line that remains single peaked through all observations. The
double peaked He i (λ6678) line is also present in the observations
and the V/R variation of the line was measured.
Further photometric observations in the Hα filter were under-
taken using the Watcher Robotic Telescope (French et al. 2004)
from 2017 September 04 to 2017 September 21 (τ ∼ −17 to
∼ −0.4 d). Multiple 30 second exposure in the Hα filter were taken
per night. All images on the same night were combined to increase
the signal to noise and differential photometry, using stars on the
same field of view, was performed.
The results are shown in Fig. 1 (and also bottom panel of
Fig. 2) and compared to the observations around the 2014 peri-
astron passage (Chernyakova et al. 2014; van Soelen et al. 2016).
The top panel shows that the Hα equivalent width follows the same
trend as the previous periastron passage, with the line strength in-
creasing towards the point of the first disc crossing. While the spec-
troscopic observations could not be taken beyond this, the pho-
tometric Hα observations (middle panel, shown in arbitrary flux
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Figure 1. Optical observations before the 2017 periastron passage. Top:
Hα equivalent width. Middle: Hα photometry (in arbitrary units) Bottom:
V/R line ration from the He I profile. The results are compared to the 2014
periastron passage.
Table 1. The Hα equivalent width and V/R ratio of the double peaked He i
line measured around the first disc crossing phase before the 2017 periastron
passage.
Days from periastron Hα equivalent width (Å) He i V/R
-27.90 −55.4 ± 1.0 1.07 ± 0.11
-26.90 −55.2 ± 0.5 1.29 ± 0.07
-25.89 −56.1 ± 0.7 1.13 ± 0.07
-24.90 −54.9 ± 0.5 1.08 ± 0.05
-23.90 −56.1 ± 0.7 1.05 ± 0.07
-21.90 −57.8 ± 0.7 1.24 ± 0.08
-20.90 −57.1 ± 0.6 1.23 ± 0.07
-19.90 −57.1 ± 0.7 1.20 ± 0.07
-18.89 −58.0 ± 0.6 1.26 ± 0.06
-17.88 −59.1 ± 0.7 1.35 ± 0.07
-16.90 −59.9 ± 0.6 1.31 ± 0.06
units) show that the line continues to follow the same trend; the
line strength decreases after the first disc crossing, then continues
to grow towards periastron. This confirms the strong interaction be-
tween the pulsar and the circumstellar disc around the periastron.
This is also shown by the V/R variation (bottom panel) which fol-
lows a similar trend, though at a lower scale, with the V component
increasing towards the first disc crossing. The optical spectroscopic
results are given in Table. 1.
2.2 X-ray data
A full overview of the X-ray flux and spectral slope for the observa-
tions around 2004, 2007, 2010, 2014 and 2017 years are presented
in the panels (b) and (c) of Fig. 2. Historical data in this figure are
taken from Chernyakova et al. (2015)
2.2.1 Swift/XRT
The 2017 periastron passage of PSR B1259-63 was closely moni-
tored by the Swift satellite (Gehrels et al. 2004). We have analysed
all available data taken from March, 26th, 2017 to January, 6th,
2018.
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The data was reprocessed and analysed as suggested by the
Swift/XRT team1 with the xrtpipeline v.0.13.5 and heasoft
v.6.27 software package. The spectral analysis of Swift/XRT
spectra was performed with XSPEC v.12.11.0. The spectrum
was extracted from a circle of radius 36′′ around the position of
PSR B1259-63 and the background estimated from a co-centred
annulus with inner/outer radii of 60′′/300′′.
During the spectral analysis we noticed that the quality of the
Swift/XRT data does not allow the hydrogen column density to be
firmly determined in each individual observation and thus we chose
to fix it to the mean value. To do this we have fitted all the data
with an absorbed power law model with a common value of column
density in all the observations. The resulting value of NH = 0.55 ×
1022cm−2 is in good agreement with previous observations (see e.g.
Chernyakova et al. 2015, and references therein). This data was also
presented in the paper of Tam et al. (2018), but in that work the
value of the column density was fixed in a rather model-dependent
way.
2.2.2 Chandra
We accompanied our analysis with the analysis of historic, publicly
available Chandra data taken during the 2014 and 2017 periastron
passages (February to June 2014, ObsIds: 16563, 16583, 16624,
16625 and July 2017, ObsIds: 19281,20116).
We analyzed the data using the most recent CIAO v.4.12
software and CALDB 4.9.0. The data was reprocessed with
the chandra repro utility. The source and background spectra,
with corresponding RMFs and ARFs, were extracted with the
specextract tool. We note that two Chandra observations of
PSR B1259-63 in June 2014 (ObsIds: 16624, 16625) were per-
formed in asic-cc (continuous clocking) mode, in which only 1-
dimensional spatial information is available. In this case, to extract
the source and background spectra, we used box-shaped regions2
centred on PSR B1259-63 and on a nearby source-free region, re-
spectively. For the rest of observations we utilized standard circular
regions.
2.3 Fermi/LAT Observations and Analysis
The analysis of Fermi/LAT data was performed using Fermitools
version 1.2.23 (released 11th February 2020). For the analysis of
the 2017 periastron passage and the combined periastron data the
analysis was carried out using the latest Pass 8 reprocessed data
(P8R3) from the SOURCE event class. All gamma-ray photons
used for this analysis were within the energy range 0.1 – 100 GeV
and within a circular region of 15◦ around the ROI centred on
PSR B1259-63. The selected maximum zenith angle was 90◦. The
spatial-spectral model built in order to perform the likelihood anal-
ysis included the Galactic and isotropic diffuse emission compo-
nents and the known gamma-ray sources within 20◦ of the ROI
centre from the 4FGL catalogue (Abdollahi et al. 2020). A like-
lihood analysis was applied to each observation data set twice to
achieve the best model for that time span and energy range. The
first likelihood run frees the normalization of every source within
15◦ of the ROI centre and the index of PSR B1259-63. The second
run fixes the normalization of all sources outside 5◦ of PSR B1259-
63 to the value calculated from the first likelihood fit. The output
1 See e.g. the Swift/XRT User’s Guide
2 See caveats of asic-cc mode data analysis.
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Figure 2. Evolution of multiwavelength PSR B1259-63 spectral character-
istics over the different periastron passages. Panel a: Fermi/LAT flux mea-
surements in the E > 100 MeV energy range with a weekly bin size. Flux
is given in 10−6 cm −2 s −1. Panel b: 1-10 keV X-ray flux in units of 10−11
erg cm −2 s −1. Panel c: X-ray slope. Panel d: Hα equivalent width.
model of this second likelihood analysis was used for the lightcurve
and spectrum generation.
The gamma-ray flux, light-curves and spectral results for PSR
B1259-63 presented here were calculated using a binned likelihood
fit using the BinnedAnalysis module from the FermiTools Python
packages. PSR B1259-63 was modelled using a single powerlaw
with the normalization left free and the index was fixed to the value
from the preliminary analysis. When generating the light curves
and spectra, any free sources (except PSR B1259-63) with a TS < 1
was removed from the fitted model. If any bin had a poor detection
of PSR B1259-63 (TS < 1 or Flux < Flux Error) the calculated
flux was replaced with a 95% confidence upper limit on the photon
flux above 100 MeV using the IntegralUpperLimits functions from
gtlike. The spectral model output of the poor detection fit was used
to calculate the upper limit values.
Data covering a time frame from 50 days before the periastron
to 100 days after periastron were used to produce lightcurves of the
2017 periastron passage. The results of the lightcurve analysis were
used to define the time periods for further spectral analysis.
As seen in the top panel of Fig. 2, the weekly binned GeV
light curves of the 2010, 2014 and 2017 periastra show differences
in the shape of the post-periastron flaring period. The 2017 GeV
light curve, with daily binning, is shown in Fig. 3. This light curve
demonstrates strong day to day flux variability. The different colour
highlights on this figure are used to show the data sets used for
spectral analysis (see also Table 2). The results of this light curve
analysis are in line with previous analyses of the 2017 periastron
passage by Tam et al. (2018) and Johnson et al. (2018) where dis-
crepancies are likely caused by the use of different catalogues and
updated software.
For the spectral analysis we split the available data into sev-
eral time periods (see Table 2). The period before the GeV flare
c© 2020 RAS, MNRAS 000, 1–7
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Figure 3. Daily-binned light curve of the 2017 periastron passage. The
highlights indicate the time periods that were used for spectral analysis and
modelling; the details are given in Table 2. The different periods are shown
as: prfl1 = Red, prfl2 = Magenta, avfl = Yellow, pkfl = Green.
Table 2. Details of the time periods used for spectral analysis during the
2017 periastron. tp = MJD 58018.1 corresponds to the time of 2017 perias-
tron passage.
Data Set Time period (MJD) t-tp (days)
prfl1 55524.7 – 55544.7, -20 – 0
56761.4 – 56781.4,
57998.1 – 58018.1
prfl2 55544.7 – 55564.7, 0 – 20
56781.4 – 56801.4,
58018.1 – 58038.1
avfl 58058.1 – 58090.1 40 – 72
pkfl 58059.1, 58074.1, 58076.1, 58088.1 41, 56, 58, 70
(pre-flare), was divided into two: from 20 days before until perias-
tron, and from periastron until 20 days after (prfl1 and prfl2 data
sets correspondingly). For these periods data from the 2010, 2014
and 2017 periastra were included to improve the statistics. For the
flare analysis we use only data from the 2017 periastron to examine
the spectra of the average flare period and the daily short flares that
can be seen in the Fig. 3. The pre-flare spectra before and after the
periastron are compared in Fig. 4 and, along with the flare spectra,
are also shown in Fig. 6. All time periods defined in Table 2 were
also analysed in the 0.1 − 2.0 GeV energy range. We used a super
exponential cut-off power law (PLSuperExpCutoff) model to match
the shape of the GeV peak spectra; see Table 3 for the best-fit pa-
rameters. Spectral fitting was done twice, the first time with all the
parameters free, and second time with γ2 fixed to the value of the
first fit to better constrain the other model parameters.
The spectral shape of the GeV emission turned out to be very
different before and after the periastron, see Figure 4. Blue and red
points correspond to the spectrum of the source averaged over 20
days before and after the periastron correspondingly. The spectrum
before periastron (prfl1) is well described with a simple power law.
The GeV emission after the periastron (prfl2) has a higher flux
in the 0.1 – 2 GeV energy range and is characterised by a strong
Table 3. Spectral model parameters from the binned likelihood analysis of
different phases of the 2017 periastron from 0.1 - 2.0 GeV. The model used
is the PLSuperExpCutoff where dN/dE = N0(E/Ec)γ1exp(−(E/E0)γ2).
Data Set γ1 Ec γ2 Photon Flux
(GeV) (10−6 cts/cm2/s)
prfl1 −2.9 ± 0.3 − − 0.26 ± 0.05
prfl2 −1.5 ± 0.4 0.50 ± 0.08 3.0 0.28 ± 0.04
avprfl −2.4 ± 0.3 0.65 ± 0.10 5.0 0.34 ± 0.05
avfl −2.4 ± 0.1 1.53 ± 0.23 3.0 1.11 ± 0.09
pkfl −2.3 ± 0.1 1.86 ± 0.43 3.0 3.39 ± 0.38
cut-off, see Table 3. This noticeable difference in spectral charac-
teristics between different time periods of the preflare implies that
around periastron there is a change of the spectrum of electron pop-
ulation responsible for the GeV production.
While there is a notable distinction in the characteristics be-
tween the time periods of the preflare, such a difference was not
observed in the analysis of the flare periods. The spectra of both
the average flare period (avfl) and the peaks of the flare (pkfl) are
quite similar (see Figure 6 and Table 3), and differ mainly by the
normalisation.
3 DISCUSSION
The energy release in PSR B1259-63 is known to be extremely ef-
ficient, for example around periastron more than 10% of the spin-
down luminosity is released in the 1 − 10 keV energy band alone
(e.g. Chernyakova et al. 2017). The energy release during the GeV
flare is even larger, reaching values higher than 50% of the spin-
down luminosity in 2010 and 2014 years, without considering pos-
sible beaming effects (Caliandro et al. 2015). The GeV flare in 2017
differs a lot from the previous ones, as it starts about 10 days later
and consists of a number of short individual flares, more intensive
than previously observed (Tam et al. 2018; Johnson et al. 2018).
The brightness of these flares allows their structure to be recon-
structed on timescales shorter than 1 day, and even to find 15 minute
long sub-flares. The energy release during these sub-flares reached
a value exceeding the spin-down luminosity by a factor of 30, with
no clear counterparts at other wavelength (Johnson et al. 2018).
This makes it clear that the GeV flare is produced as a separate and
highly anisotropic component.
In what follows we propose a new model, which suggests the
presence of two populations of relativistic electrons: (i): electrons
of the unshocked and weakly shocked pulsar wind and (ii): strongly
shocked electrons.
The spectrum of unshocked electrons was selected to be a
power law with the slope −2 in energy range Ee = 0.6 − 1 GeV. A
small fraction of electrons are additionally accelerated at the strong
shock near the apex to Ee ∼ 500 TeV energies with the similar
slope Γe = −2 on a characteristic timescale (see Fig. 5)
tacc ≈ 0.1 (Ee/1 TeV) η(B0/1 G)−1 s (1)
where B0 is a magnetic field in the region and η > 1 is the acceler-
ation efficiency (see e.g. Khangulyan, Aharonian & Bosch-Ramon
2008, for the details).
The rest of the electrons flying into the shock direction will
c© 2020 RAS, MNRAS 000, 1–7
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Figure 4. GeV emission of PSR B1259-63 during the periods twenty days
before (blue points, prfl1) and after (red points, prfl2) the periastron. Blue
and red curves show best fit models in 100 MeV – 2 GeV energy range, see
Table 3. Shaded regions show 1 σ confidence range for fitted models.
be reverted to flow along the shock at the surface of stellar-pulsar
wind interaction cone far from the apex, and could be addition-
ally mildly accelerated on a weak shock. This leads to a power law
tail in the spectrum of diverted electrons with a slope ∼ −3 which
continues above 1 GeV to at least Ee ∼ 5 GeV. This slope is char-
acteristic of particles acceleration on weak shocks (see e.g. Bell
1978; Blandford & Eichler 1987). Hereafter we will refer to these
diverted electrons as weakly shocked electrons.
The spectra of both populations will be additionally modified
by radiative (IC, synchrotron or bremsstrahlung) and non-radiative
(adiabatic or escape) losses operating in the system. In our cal-
culations the resulting electron spectrum was determined by nu-
merically calculating the radiative losses of a continuously injected
spectrum of electrons, until a steady solution has been obtained.
The time that electrons spend in the emitting region, R/c, is about a
few thousand seconds, and is long enough to substantially modify
the injected spectrum due to synchrotron losses (in our calculations
we took tesc=4000s; see Figure 5 and Table 4).
We would like to note that the losses substantially modify the
injected spectrum and thus properly accounting for such losses is
important for modelling the PSR B1259-63 system. Additionally
one has to account for the radiation efficiency of the considered
mechanisms. This is rather low for the majority of the considered
processes and subsequently an increase of the total energy of the
pulsar wind is required (in comparison to 100% efficiency case).
According to our model, similar to previous works (e.g.
Chernyakova et al. 2014, 2015; Chen et al. 2019), the X-ray and
TeV components are explained as synchrotron and IC emission of
the strongly shocked electrons. The GeV component in our model
is a separate component due to the combination of the IC and
bremsstrahlung emission of the less energetic, unshocked electrons
interacting with the clumps of the matter from the Be-star wind
which penetrated through the shock.
The modelled SEDs along with the observed keV-TeV data
are shown in Figure 6. In this figure the synchrotron and IC emis-
sion of the strongly shocked electrons are shown with solid and
dashed magenta curves correspondingly. The contributions of IC
and bremsstrahlung emission of the unshocked and weakly shocked
electrons are indicated with dashed and dashed-dot curves corre-
Table 4. Details of the models. D is a distance from the Be star to the emis-
sion region. Effective luminosity L of the pulsar wind electrons (without
considering beaming effects) is measured in units of spin-down luminosity
Lsd = 8.2 × 1035 erg/s
.
Data t-tp, D, nclump, B, Γ2 L/ Lsd
Period days 1013cm 1010cm−3 G
fl15 7.5 40 0.1 3 30
pkfl 41,56,58,70 7.5 2 0.1 3 30
avfl 40 – 72 7.5 . 0.1 0.1 3 30
prfl2 0 – 20 2.5 . 0.1 0.4 2.5 1
prfl1 -20 – 0 2.5 . 0.1 0.4 3 1
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Figure 5. Comparison of the cooling times to acceleration and escape time
for various radiation processes in the case of avfl model, see text for details.
spondingly, where the colours refer to the prfl1 (blue) and prfl2
(red) periods. The TeV points shown are taken from Aharonian
et al. (2005), and the coloured region at TeV energies represent the
range of multi-years H.E.S.S. measurements reported in Fig. 2 of
H. E. S. S. Collaboration et al. (2020). The shaded region at X-ray
energies represents the range of fluxes observed by Swift in 2017
before (left panel), and after (right panel) the GeV flare.
The synchrotron, bremsstrahlung and IC emission was
calculated with the naima v.0.8.3 package (Zabalza 2015),
which uses the approximations for the IC, synchrotron and
bremsstrahlung emission from Aharonian & Atoyan (1981); Aha-
ronian, Kelner & Prosekin (2010); Khangulyan, Aharonian & Kel-
ner (2014); Baring et al. (1999).
To explain the observed luminosity one has to consider that
for relativistic electrons both IC and bremsstrahlung radiation is
strongly peaked in the forward direction and most of the energy ra-
diated as a photon moving in the same direction as the initial elec-
tron. To explain the observed excess of the energy released during
the short flares an initially isotropic pulsar wind should be reversed
after the shock and confined within a cone, pointing in the direction
of the observer, similar to the geometry described in Khangulyan
et al. (2011).
The difference in true anomaly between days 40 and 80 af-
c© 2020 RAS, MNRAS 000, 1–7
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ter the periastron (period including all short flares) is about 20◦.
This angle is comfortably smaller than the apex angle of solid angle
4pi/30 needed to explain the observed luminosity during the short
flares in the case of 100% efficiency. The cone of such a size is a
result of the interaction of the pulsar wind with the Be star wind if
the winds ram pressure ratio is η = LsdM˙Vwc = 0.05 (Khangulyan et al.
2011).
In Figure 6 we show Fermi/LAT spectra averaged over the total
flare (green points), and over the peak of the flares only (red points).
These spectra can be explained as a combination of IC and brem-
strahlung emission on the clumps with densities of about 2 × 1010
cm−3 and less then 1×109 cm−3 correspondingly, see Table 4. Please
note that in the Figure 6 we show only the dominant component (IC
for the average flare and bremssrahlung for the peaks) in order to
make the figure more readable. Also please note that the split of
the IC and bremsstrahlung is very model dependent and requires
detailed hydrodynamic simulations beyond the scope of this paper.
To explain the observed luminosity of the 15 minutes long flare
one needs to assume a 1000 second long interaction with a clump
of material with a density of 4 × 1011 cm−3.
The required densities of the clumps are higher than the aver-
age density of an undisturbed disc. At the same time the required
averaged density both around the periastron and during the period
of GeV flare is consistent with the unperturbed, smoothly decreas-
ing disc density model in van Soelen et al. (2012), which gives a
density at the base of disc of ne ≈ 6×1013 cm−3. At the binary sepa-
ration distance at 40 days from periastron the disc density will have
decreased to ∼ 108 cm−3 (within the disc). This, combined with the
observed Hα variation (Fig. 1), clearly indicates that the disc must
be strongly clumped and disrupted near periastron. The difference
in the 2017 Fermi/LAT light curve (rapid flares) from the 2010 and
2014 periastra, also suggests a more complicated disc behaviour,
that was unfortunately not observable during the 2017 periastron
(see also the discussion in Fujita et al. 2020).
Recently a very hard TeV spectrum with the slope reaching
values of Γ ∼ 2.5 at certain orbital phases was reported in H. E. S. S.
Collaboration et al. (2020), see shaded region in Fig. 6. Assum-
ing that this emission is produced by IC in a strong Klein-Nishina
regime the spectral slope of the corresponding electrons can be es-
timated to be Γe ∼ 2.5, similar to the value used in the modelling
presented here.
In the case that the electrons propagate through regions with a
non-zero magnetic field their spectrum, at TeV energies, undergoes
severe cooling due to synchrotron losses , see e.g. Fig. 5. This leads
to the formation of a break in the electron spectrum with a typical
softening after the break of ∆Γe = 1. Thus, to match the observed
HESS spectrum, an initially extremely hard spectrum of electrons
with a slope Γe,0 = 1.5 with a break to Γe = 2.5 at TeV energies has
to be considered.
The initial slope Γe,0 = 1.5 corresponds in the proposed model
to the spectrum of the shocked electrons. This slope is substantially
different from a “standard” Γe = 2 slope of Fermi-mechanism ac-
celerated electrons. We would like to note, however, that very hard
slopes up to Γ ∼ 1 (at least at relatively broad energy range close
to the spectral cut-off) were reported for diffusive shock accelera-
tion on a multiple shocks, see e.g. Melrose & Pope (1993); Bykov,
Gladilin & Osipov (2013); Vieu, Gabici & Tatischeff (2020). Such
shocks can potentially form in PSR B1259-63 in a pulsar wind/Be
star disc interaction region, assuming that the disc hosts multiple
clumps.
GeV emission around the periastron period can be explained
as IC emission of the unshocked electrons (see Figure 6). In this
Figure we also show NuSTAR data points taken around 2014 peri-
astron (Chernyakova et al. 2015). Within our model softening of
the X-ray slope around the periastron can be attributed to addi-
tional cooling losses due to the higher value of magnetic field and
the increased photon energy density near the periastron. To explain
higher intensity and much sharper cutoff of the GeV flux after the
periastron, one needs to assume that the acceleration becomes more
efficient and the slope of the electrons is equal to -2.5 above 1 GeV.
The parameters of all the models are summarised in Table 4.
4 CONCLUSIONS
In this paper we present optical observations (spectroscopy and Hα
photometry) and discuss spectral characteristics of the GeV emis-
sion both around the periastron and during the flare. We propose
a new model to explain the origin of the short bright GeV flares
observed during 2017 periastron passage by Fermi. We show that:
1) The optical observations show that the behaviour of the disc
around the first disc crossing is similar to the previous periastron,
clearly indicating the pulsar significantly disrupts the disc.
2) The observed X-ray and TeV emission both around the pe-
riastron and during GeV flare can be explained as a synchrotron and
IC emission of the strongly shocked electrons of the pulsar wind.
3) The GeV component is a combination of the IC emission
of unshocked/ weakly shocked electrons and bremsstrahlung emis-
sion.
4) The luminosity of the GeV flares can be understood if it
is assumed that the initially isotropic pulsar wind after the shock is
reversed and confined within a cone looking, during the flare, in the
direction of the observer.
5) The observed softening of the spectrum close to the perias-
tron corresponds to the shift of the break in the electrons spectrum
due to the cooling losses. The position of the break is determined
by the strength of the magnetic field in the emitting region, which is
higher around the periastron. We foresee that the break position can
be located at higher energies further from the periastron, which can
lead to the detectable break in X-ray/TeV spectra. A hint of such a
break was detected by Suzaku in 2007 (Uchiyama et al. 2009).
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